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Claims 

1. A semiconductor circuit production device utilizing plasma, characterized in that it is 
equipped with a simple toroidal vacuum vessel, a coil for generating a vertical DC magnetic field 
in said vacuum vessel, a microwave feeding means which feeds microwaves into said vacuum 
vessel to generate plasma, and a transformer which applies an AC electric field to said generated 
plasma. 
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2. The semiconductor circuit production device described in Claim 1 characterized in that 
the quantity of plasma to be applied can be controlled by controlling the strength of the 
aforementioned vertical DC magnetic field, the microwave, or the AC electric field. 

Detailed explanation of the invention 
Technical field of the invention 

The present invention pertains to a semiconductor circuit production device. More 
specifically, it pertains to a plasma processor utilizing plasma for plasma etching, plasma CVD, 
and direct formation of a nitride film through plasma ashing, for example. 

Prior art 

Conventionally, non-magnetized plasma not applied with a magnetic field has been 
utilized as plasma for this kind of device. Electron cyclotron resonance (abbreviated as ECR 
hereinafter) plasma in a linear magnetic field is available as [plasma] with a magnetic field 
applied. 

In the case of a conventional plasma generating method, the pressure in a vacuum vessel 
not without any external magnetic field applied is reduced using a vacuum pump, a plasma gas is 
introduced at an appropriate flow rate and under an appropriate pressure, and high-frequency 
power is then applied to a coil provided inside or outside of the vessel and an antenna, such as 
parallel plate electrodes, in order to generate plasma. Then, a desired effect is achieved as 
charged particles generated by said plasma and free radicals react either physically or chemically 
with the surface of a semiconductor substrate placed in the vessel. 

In addition, other plasma generating methods utilize a DC discharge or an ECR discharge. 
In addition, in yet another method, a metal mesh is used to shut off plasma so as to prevent the 
charged particles from flowing into the reaction area in order to eliminate the reaction of the 
charged particles with the substrate surface. 

In conventional plasma processors the plasma cannot be controlled easily, and the 
reacting particles (for example, positive ions and free radicals) cannot be made to react 
selectively with the semiconductor substrate. Also, the potential of the semiconductor substrate 
surface relative to the plasma is difficult to control. Accordingly, there were problems with 
damage to the substrate due to collisions of the charged particles and dielectric breakdown due to 
charging-up during the formation of an insulating film. 

Outline of the invention 

The present invention was made to eliminate said conventional problems, and its purpose 
is to present a semiconductor circuit production device by which plasma can be controlled easily 
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through the utilization of plasma in a simple toroidal magnetic field; the surface of a 
semiconductor substrate can be prevented from being charged up; and positive ions or negative 
ions and electrons or neutral particles, such as free radicals, can be made to interact selectively 
with the semiconductor substrate. 

Application example of the invention 

An application example of the invention will be explained below using the figures. 
Figure 1 shows an application example of the present invention. In the figure, 1 is a toroidal 
vacuum vessel, rectangular duct l a extending vertically and outwardly from said vessel 1 is a port 
for introducing a semiconductor substrate into said vessel 1, and said port l a serves also as a 
microwave feeding means for feeding microwave power used to generate plasma in vessel L 2 is 
a toroidal coil for generating a toroidal magnetic field, 3 is a vertical magnetic field coil for 
generating a vertical magnetic field in the direction perpendicular to the plane containing the 
torus, 4 is a transformer core which generates an AC electric field along torus 1 by means of 
electromagnetic induction and applies said electric field to plasma, 5 is a primary coil of the 
transformer, 6 is a manipulator for holding the semiconductor substrate, 7 is a semiconductor 
substrate, and 8 is plasma. 

Its operations will be explained next. Toroidal vacuum vessel 1 is evacuated to a high 
level of vacuum (approximately 10" 8 torr) in order to increase the purity of the plasma. 
Furthermore, oxygen and carbon are removed for cleaning by means of a glow discharge of 
hydrogen. In addition, the inner surface of vacuum vessel 1 is coated with a sputtering-resistant 
or a reaction-resistant substance, such as titanium nitride, in order to prevent sputtering and 
reactions due to the plasma. Next, a plasma- generating gas is introduced into vacuum vessel 1. 
Then, a current is applied to toroidal coil 2 in order to generate a toroidal magnetic field. Next, 
microwaves generated using a high-power magnetron are emitted into vacuum vessel 1 through 
one of the ports. When the frequency of the incident microwave matches the electron cyclotron 
resonance (ECR) frequency due to the toroidal magnetic field, plasma 8 is generated in toroidal 
vacuum vessel 1. The density of said plasma and the electron temperature are controlled by 
means of incident microwave power and gas pressure. In addition, the diameter of the plasma is 
controlled by means of the inner wall of toroidal vacuum vessel 1 or an orifice provided in vessel 
1. Semiconductor substrate 7 is introduced into a port of vacuum vessel 1 using a loading lock 
without bringing the entire vessel 1 to atmospheric pressure and is supported by manipulator 6. 

The present invention is characterized in that it utilizes the drifting of plasma particles in 
simple toroidal magnetic field coordination. In the case of said magnetic field coordination, the 
charged particles engage in what is called a toroidal drift as shown in Figure 2 due to the effects 
of the curvature of the magnetic lines and the tilting of the magnetic field intensity. Because the 



4 



particles drift in opposite directions depending on the signs of the particle charges, the plasma is 
polarized vertically, and an electric field in the vertical direction is generated as a result. The 

charged particles drift out of the torus at a fixed rate due to what is called E x B drift caused by 
said electric field and the toroidal magnetic field regardless of the charge sign and the mass. 
Because positively-charged particles 10 and negatively-charged particles 9 are incident on the 
outer wall of the torus at the same rate, a so-called sheath, which used to be inevitable in the 
conventional plasma generating method, is minimally created. Accordingly, damage to the 
substrate by the particles accelerated by the electric field of the sheath and to charging-up caused 
as particles charged in one polarity get together can be prevented. In addition, in a step where the 
charging-up can be ignored, either the negatively-charged particles or the positively-charged 
particles can be made to react with the semiconductor substrate selectively by placing the 
semiconductor substrate above or below the torus vessel. 

In addition, it has been known that the electric charges polarized as the vertical magnetic 
field is applied to the plasma using vertical magnetic field coil 3 are short-circuited by streams of 
electrons along the magnetic lines to reduce the electric field in the vertical direction, and the 
plasma wave in the radial direction is reduced as a result. The flow rate of the plasma to the 
semiconductor substrate surface can be controlled utilizing this phenomenon. In addition, the 
density of the plasma can be increased by applying an AC electric field to the plasma using the 
transformer (4 and 5). Furthermore, the quantity of plasma to be applied can be controlled easily 
by increasing/decreasing the microwave power simultaneously with the controlling of the AC 
electric field, so that it can be made suitable for a variety of semiconductor circuit production 
steps. 

As described above, with the device of the present application example, a semiconductor 
substrate placed outside of the toroidal vacuum vessel can be prevented from being charged up, 
and charged particles can be made to interact selectively with a semiconductor substrate placed 
either above or below the vacuum vessel. In addition, the plasma can be controlled easily. 

Furthermore, although a case in which the ECR method was used to generate plasma in 
the torus was explained in the above application example, the same effects as those of the above 
application example can be achieved utilizing RF discharge or DC discharge also. 

Effect of the invention 

As described above, because the semiconductor circuit production device pertaining to 
the present invention utilizes the plasma generated in a simple torus magnetic field, it offers the 
effects that a semiconductor substrate placed outside of the toroidal vacuum vessel can be 
prevented from being charged up, charged particles can be made to interact selectively with a 
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semiconductor substrate placed either above or below the vacuum vessel, and the plasma can be 
controlled easily. 

Brief description of the figures 

Figure 1 is a perspective view of the semiconductor circuit production device in 
accordance with an application example of the present invention, and Figure 2 is a schematic 
diagram showing the movement of plasma particles in a simple toroidal magnetic field. 
1 . . . toroidal vacuum vessel; l a . . . rectangular duct (microwave feeding means); 2 ... toroidal 
coil; 3 ... vertical magnetic field coil; 4 . . . core of transformer; 5 . . . primary coil of transformer; 
6 ... manipulator; 7 ... semiconductor substrate; 8 ... plasma; 9 ... negatively-charged particles; 
and 10 ... positively-charged particles. 

Furthermore, in the figures, identical symbols indicate identical parts or their equivalents. 




Figure 1 



Figure 2 



